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Abstract— Digital image restoration is a field of engineering 
that studies methods used to recover original scene from the 
degraded images and observations. Techniques used for 
image restoration are oriented towards modeling the 
degradations, usually blur and noise and applying various 
filters to obtain an approximation of the original scene. In 
this paper genetic algorithms based filter which uses the 
concept of Weighted Order Statistics filter   and Darwin’s 
theory of evolution for achieving various generations of 
restored output is proposed. Once the initial target image is 
obtained, the GA’s can be used to restore the images which 
are affected by different degradations levels without having 
any prior information about the blurring model and noise 
type. The results in this paper also point out that this 
method can be effectively used in blind restoration 
problems.  
 
Index Terms— Image restoration, Genetic algorithm based 
filter, Evolutionary approach, Genetic Algorithms. 
I.  INTRODUCTION  
   Restoring an original image, when given the degraded 
image, with or without knowledge of the degradation     
function, degree and type of noise present is an ill posed 
problem [1] and can be approached in a number of ways 
[2]. There are various conventional methods for images 
restoration like Inverse filter, Weiner filter, Lucy 
Richardson filter to name a few. Generally the image 
degradation model suitable for most practical purposes is 
formed as a linear process with additive noise for which 
the matrix form is    
                    
   g Hf n =+  (1) 
     
where  g  and f  are degraded and original vectors 
respectively, H is the degradation matrix and n represents 
the noise. The aim of the image restoration algorithms is 
to find an estimate that closely approximates the original 
image  f given g. Fig. 1 shows the image restoration 
output for the blurred image by the conventional filters 
like Inverse and Wiener filters. In the presence of both 
blur and noise, the restoration process is ill conditioned 
and requires the specification of additional smoothness 
constraints on the solution [3]. This is usually 
accomplished in the form of a regularization term in the 
associated cost function, in addition to the usual least 
square error term [4] and is given by the equation below
    
 
11 22 E = || y-Hx || + λ || Dx ||
22
 (2) 
In this paper an Evolutionary approach to Image 
restoration problem is discussed. The next Section 
introduces the concept of Genetic algorithm based filter. 
Section III explains the implementation. Section IV 
presents some experimental results from this 
investigation, and last Section concludes this paper. 
 
 
                
Figure 1. Restoration by Inverse and Wiener Filters 
               II.  GENETIC ALGORTIHMS BASED FILTER 
The prediction neighborhood [5] for the filter in this 
paper is assumed to be L X L window surrounding each 
pixel. This is used to derive the initial input to our GA as 
the target as well as for preprocessing of the image. The 
set of values for the prediction neighborhood is as 
follows: 
                          
  123 {, , . . .} n Nx x x x prediction =                   (3)                       
where the condition  123 ... N x xx x ≤≤ ≤  is satisfied 
and N = L x L, and  n x  represents the  th n order statistic 
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in the set of neighboring gray level values. The output of 
this filter is defined as the linear combination of the order 
statistics as shown in equation (3), the special case of 
which includes the median filter. 
 
 
1
N dn n x x
n
ω = ∑
=
 (4) 
                                                                                                                
There are several options to build this filter [6]. In this 
paper it is proposed to develop a filter which can evolve 
itself after the initial input to the GA is applied which is 
obtained from the above designed filter shown in (4). 
Equation (8) represents a weighted order statistics filter a 
special case of which is a median filter. The image filter 
thus manipulates an input blurred image to generate 
another image which has a better aesthetic appeal and 
which has a better PSNR ratio.  
 
A.  Genetic Algorithms 
 
Genetic algorithms mimic the natural evolution to 
traverse large search space [7][8][9] and are well suited 
for ill posed problem like image restoration. Our 
approach discussed here selects the fit individuals to 
generate individuals with better fitness and which 
ultimately converges to a sufficiently high point of 
fitness. Thus it is necessary to formulate a model or 
procedure for differentiating good solutions from bad 
ones. In this paper we use an objective function which is 
mathematical model and a subjective function which is 
human judgment to determine solutions fitness, and 
hence used to guide the evolution of future generations. 
Given a population, we use selection and genetic 
operators to process the population iteratively to 
hopefully create individuals with more and more good 
solutions. Selection allocates a greater chance to a fit 
individual of being a parent for the next population. The 
survival of fittest mechanism is imposed for arriving at 
the solutions. It is not simply enough to simply choose 
the better individuals and put them into the next 
generation. A mechanism to create new and possibly 
better individuals must be implemented and here we 
implement mechanisms of recombination and mutation. 
B.  Fitness Functions 
As stated above the fitness function in our case is how 
visually pleasing the resulting image is after having under 
gone various operations on the individuals among the 
population. The similarity among the images can be 
measured by number of ways, some of which we discuss 
next and use in our approach; however the best measure 
is the human subjective judgment.  
C.  Crossover Operator 
The above process of generating individuals happens 
because of cross over operators. A crossover operator is 
defined to be an operation which takes two individuals 
called parents and combines them to form the offspring.  
This method is highly dependent on the representation 
method of the chromosome. 
D.  Selection Method 
 
Selection method is a mechanism which assigns a 
greater chance to a fit individual of being a parent for the 
next population. The selection of the parents is done 
using expected value of an individual, which represents 
the expected number of times an individual will be 
selected to reproduce. We use a roulette wheel method to 
select the individuals during our experimentation. 
E.  Mutation 
            Mutation is a concept which has been found to be 
useful in Evolutionary computing. By modifying an 
individual in some manner, some traits that are unique to 
the individual may be created which in turn helps to 
promote variance in population. 
 
F.  Image Similarity Measure 
 
Quantification of image similarity between two 
images necessitates that we are able to extract features 
from images that compare them in some way. The 
features should be such that they correspond to how a 
human observer classifies the similarity. In our case we 
restrict ourselves to measures which can be measured and 
can be used to change the image quality such that the 
resulting image should be recognizable as having come 
from the input. The image similarity measures [10] used 
here are Image entropy, Statistical measure of texture and 
histogram. These measures are used to compare 
chromosome solutions in a population with a target image 
which was obtained from the initial filter given by 
equation (4). 
This also means that once the initial estimate of the  
target image is found, the GA based filter will try to 
evolve and give us best possible output image from the 
given blurred, degraded source image. 
The Human observer can keep on evolving the filtered 
output to any degree of visual aesthetics and can save the 
details to be used in future.  
 
III.  IMPLEMENTATION 
   Since its generally accepted that if the search space is 
large, is not perfectly smooth, is not unimodal or well 
understood as in the case of a image degraded and 
corrupted with noise and if quickly arriving at a 
sufficiently good solution is enough; GA’s will have 
good chance of being competitive than other conventional 
methods. This paper discusses a possible solution to 
arrive at a GA based filter which uses different 
combinations of operations which are discussed below to 
arrive at fit individuals reliably and accurately. Other 
approaches like neural networks and decision trees are 
also used and have various other drawbacks. The solution 
to the problem in this paper has been that various 
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operations which can improve the image quality and 
aesthetics are ordered and thus the natural process of 
evolving good images is carried out. The human 
observers can set the parameters for various operations to 
be carried out which can be modified and generated 
randomly. The solution here is a sequence of image 
operations, whose parameters are fixed at start time and 
evolve so that improved image quality is observed. A 
single sequence approach is proposed, which is a linear 
sequence of image operations discussed in the section 
below. To state this in terms of physical interpretation of 
the chromosome then, the input image is taken and image 
operations in sequence in turn are applied. The resulting 
image is what is used to measure the fitness of the 
chromosome. The following operations were carried out 
in various sequences: 
a) Thresholding 
b) Convolution 
c) Color Addition 
d) Median filtering 
The idea here is to build complexity from simple 
operations to achieve good results [13][14]. The Number 
of operations in a sequence can be altered which will give 
the option of changing the sequence for generating 
offspring. 
 
 
 
 
            
Figure 2. (a) Representation of solution (b) Cross Over among the 
individuals (c) Branch crossover among the individuals 
In the Fig. 2 A,B,C,D,E,F,G are any one of the   
operations stated above  and X is the compositor which 
aggregates the results and represents it as the output. 
The various modules stated above were implemented 
using C and JAVA [11][12]. 
IV.  RESULTS 
    The experiments were carried out on four images as 
shown in Figure 3. The images chosen were such that all 
the types of the images with varied levels of texture, 
edges, contrast were covered during the experiments. The 
initial results which are encouraging show that our 
approach gives considerable good results which gives 
good aesthetic improvement. This was verified by human 
judgment and the observations after each generation of 
output. The output shown in Figure 3 shows output image 
after 10 generations and 20 generations having evolved 
after undergoing various operations stated in section III. 
During the experimentation the number of generations is 
assumed to be 10, and population size to be 50. The cross 
over rate is assumed to be 0.65 and the mutation rate to 
be 0.01. All the images were degraded with different 
noise levels as evident in Fig. 3.  
TABLE I 
AVERAGE FITNESS VALUES AND FITTEST INDIVIDUAL 
SCORE FOR VARIOUS GENERATIONS 
 
Image Parameter Generat
ion 0 
Genera
tion 1 
Genera
tion 2 
Genera
tion 9 
Air 
plane 
Average 
Fitness 
39.04 48.33 52.53 54.64 
Fittest 
Individual 
75.32 75.48 54.64 80.20 
Cat Average 
Fitness 
41.38 44.69 50.14 74.47 
Fittest 
Individual 
79.57 79.17 79.37 83.43 
Fruits Average 
Fitness 
40.91 54.25 58.68 76.45 
Fittest 
Individual 
88.20 93.40 94.72 84.83 
Lena Average 
Fitness 
43.57 56.47 64.88 82.49 
Fittest 
Individual 
92.83 88.04 88.04 80.04 
 
    Table I shows the average fitness values and fittest 
Individual scores for various generations. It’s clear from 
the table that good result aims for achieving max score 
for both the Average fitness of the generation as well as 
the fittest individual. Sometimes it may happen as seen in 
generation 0 of Lena image that even though the fittest 
individual is having a score of 92.83, the average fitness 
of the population is 43.57 which will not give us good 
output image but after 10 generations we have the 
average fitness of the population improved to 82.49 and 
the fittest individual is 80.04 which gives a comparatively 
good output image. The same is the case with generation 
2 of fruits image. 
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Figure 3. Results of our approach after 10 generations and 20 generations
            V.  CONCLUSION AND FUTURE WORK 
    In contrast with the usual approaches to image 
restoration where numerical value of the regularization 
parameter has to be explicitly specified, an approach is 
adopted where using the WOS a target image is first 
generated. This image is used as the reference and the 
images which are deblurred and degraded by unknown 
models can be restored to noticeably good image 
quality, as seen by human perception. The approach of 
Genetic algorithms seems to improve the quality of the 
output image as seen in the results. This approach can 
be made more robust and more useful if we can 
separate the signal and noise to generate the target 
image by some blind source separation technique.   
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